The newborn infants of diabetic and of prediabetic women have morphological features which distinguish them from normal babies and which are of the greatest interest in the quest for further information about the aetiology of diabetes mellitus itself. In addition to these peculiarities of physical form, however, there are abnormalities of function during the first few days of life. Respiration may be established only with difficulty but it is more usual for the infant to start breathing normally. Progressive respiratory difliculty may appear shortly after birth and may assume a variety of forms such as unusually shallow breathing, choking due to the collection of mucus in the airway, or increasing embarrassment with laboured inspiration and costal indrawing. Other infants are subject to sudden attacks of respiratory arrest or slowing in which they become deeply cyanosed. These functional abnormalities are so diverse that they must differ in aetiology and they will be the subject of a later publication. In the literature, however, they are usually grouped together as 'cyanotic attacks' or 'colour changes' or 'respiratory incidents'. It is intended to use this terminology in the present paper, but in doing so the accuracy of the descriptive terms is not acknowledged. They have the virtue, however, of depicting a clinical picture to those who care for such infants.
The reduction of the foetal loss rate in pregnancy complicated by diabetes from a figure of over 40%
less than a decade ago to around 1500 in well controLW series today may be attributed to a combination of such factors as improved management of the diabetic state, stricter antenatal supervision, planned caesarean section with better anaesthesia and skilful supervision of the newly born child. Grave hazards are still met by the foetus both in utero and during the first few days after birth. There is also appreciable morbidity in the first week among the infants who ultimately survive.
The discovery that these infants commonly had remarkably low blood sugar levels led to the belief that the high morbidity and mortality might be due to hypoglycaemia. Alternatively a rapid and profound fall from a high intra-uterine level to a low normal neonatal level has been considered as being of aetiological significance. Although several investigations have been undertaken on this subject
with particular reference to the neonatal mortality, some doubt still exists as to the clinical importance of hypoglycaemia and it was decided to attempt a final clarification.
Plan of the Investgtion Since 1948 90 infants born to proved diabetic women in the Simpson Memorial Maternity Pavilion, Edinburgh, have been studied personally. All have been observed continuously by experienced nurses and the nature of any abnormal incident has been recorded. Where these have lasted for longer than a minute or so they have been observed by an experienced paediatric house physician or by myself. All the abnormal incidents which persisted for 15 minutes or more have been observed personally and on repeated occasions the development and the course of the very brief incidents have been witnessed by myself.
In many of the earlier cases the blood sugar level was determined at regular intervals by a senior technician in the routine laboratory employing the method of Hagedom-Jensen. Latterly the blood sugar level has been determined only if the course has been abnormal and only in the presence of symptoms. As only a proportion of the cases (about one third) was symptomatic and as a doctor was not always on the spot with the necessary apparatus when symptoms actually developed, the blood sugar level at the time of abnormal incidents is not available for each case. These blood sugar determinations form the preliminary part of the investigation and answer the first question, Do the incidents occur in association with hypoglycaemia? These findings must be considered also in relation to the second part of the study. 203
ARCHIVES OF DISEASE IN CHILDHOOD
Although personal doubt was expressed about the need to give glucose to these infants after birth, its intramuscular use was found safe and it was given until 1952. Before 1948 glucose was given intravenously but, following a short and highly unsatisfactory experience of oral administration, a change was made in that year to the intramuscular injection of 20 % to 500% solutions. The fact that some infants received glucose in no way invalidates the use of this group. Since 1952 its use has been confined to a few test cases.
Serial blood sugar levels of two groups of newborn infants were studied. The first consisted of 32 babies who conformed to certain criteria of normality (Farquhar, 1954) and the second was composed of 17 infants born to diabetic women. The two groups were dissimilar also in that the normal infants were delivered spontaneously by the vagina at full term, whereas the abnormal infants were delivered by caesarean section about the thirty-sixth week for reasons which will be published elsewhere by Matthew. The intention of the study, however, was to discover just how abnormal the chemical behaviour of the infants of diabetic women was, irrespective of the method of delivery, and to find out if the clinical behaviour of the latter group could be correlated with an abnormal pattern of movement in the blood sugar. For this purpose such differences may be ignored.
Blood sugar levels were determined in duplicate in the infants of each group at birth, half hourly until 2 hours and then two hourly until 6 hours. The levels were not followed beyond this point in the first day as a small pilot study had shown that levels stabilized by about that time. Thereafter the blood sugar was determined daily at 6 a.m. after a fast of eight hours. The chemical method and its accuracy were exactly as described previously (Farquhar, 1954 The result of the investigation into the serial blood sugar levels of normal babies has been published in detail (Farquhar, 1954 (Fig. 2) On the other hand, the neonatal adrenal cortex is undergoing remarkable involution in the first week and, in the infant of the diabetic, the pancreatic islets are usually hyperplastic. The latter observation was made first by Dubreuil and Anderodias (1920) and more than 20 papers followed it, including the excellent study of the morphology of infants of HYPOGLYCAEMIA IN NEWBORN INFANTS OF DIABETICS diabetic pregancies by Cardell (1953) . It seems likely that there is an absolute increase in islet tissue in these infants and it has been the general opinion that this is due to an increase in the beta cells. If indeed there is an abnormally high output of insulin in these infants then a rapid fall in the blood sugar level immediately following birth would be expected. White (1949) was opposed to the theory of an absolute hyperinsulinism on the basis that the blood sugar level should then fall to zero, but this would be the case only if the pancreas continued to secrete insulin in the presence of hypoglycaemia and if there were no opposing mechanism such as the adrenal cortex. Pedersen (1952) and Pedersen et al. (1954) believed that the blood sugar level in the mother dictated the foetal liver threshold for glucose by determining the foetal output of insulin. Thus hyperglycaemia in the mother would stimulate foetal insulin production and the hepatic threshold would be low so that the blood sugar level in the infant would fall from a high birth level to the low liver threshold level after birth. This would mean that lower maternal levels would result in higher levels in the newborn and so the fall after birth would not be excessive. This is the explanation offered by Pedersen to explain why his group of abnormal infants did not differ in its blood sugar pattern from the normal group. Every effort was made to keep the mother's blood sugar within normal limits. Careful diabetic control was maintained in the women of this series by Dr. C. F. Rolland and yet the blood sugar of the infants fell profoundly and quickly. The spontaneous rebound in this study to a figure approaching the birth value indicates the presence of an adequately functioning mechanism opposing insulin. The facts would appear to be compatible with a state of increased insulin production which rapidly reverts to normal when the stimulus to production is withdrawn and/or when it is opposed by diabetogenic hormones from the adrenal cortex, chromaffin tissue or the pancreas itself.
It is clear, therefore, that the infants of diabetic women may have very low blood sugar levels in the hours after birth and also that they may have a variety of symptoms which may be classified roughly as respiratory, but it remains to be shown whether or not any relationship exists between these two findings.
Hartmann and Jaudon (1937) were of the opinion that cyanosis, irritability, listlessness, hypotonicity, hypertonicity, twitchings and even death might result from hypoglycaemia. They stated 'there can be no question, however, of the greater tendency in the abnormal (diabetic) group to develop extreme grades of hypoglycaemia with clinical manifestations sever enough to be fatal or so alarming as to require constant watching and sometimes frequent treatment to raise low blood sugar levels'. Miller and Ross (1940) noted symptoms in three of six infants and although the infants were biochemically hypoglycaemic they noted other abnormalities in the babies; congestive failure in two and possible birth injury or erythroblastosis foetalis in another.
They noted a lag in the response of the infants to glucose, but felt this was analogous to the delayed response of a hypoglycaemnic non-diabetic adult to ghlucse. Reis et al. (1950) enumerated the dangers to which these newborn infants were exposed and included hypoglycaemia without giving their reasons. John (1950) stated that the physiological hypoglycaemia of healthy newborn infants was benign and unproductive of symptoms, but that the hypoglycaemia which the offspring of diabetic women developed was malignant, leading to shock and to death unless it were treated early and energetically. Komrower (1954) in a comprehensive study observed signs which were considered to be suggestive of hypoglycaemia in four of 40 such infants whose blood sugar levels had been followed carefully from birth. In three the levels were kss than 20 mg. % and the fourth baby had been subjected to a large and very rapid drop in blood sugar. On the other hand, Komrower found three infants who were symptom free with sr levels of 20 mg. % or less.
There is, however, some individual variation in the response of adults to hypoglycaemia and the epileptic in particular may respond with convulsions to a blood sugar level which would be responsible for milder symptoms only in a normal person.
All of the deaths in Komrower's series appeared to be explicable on the basis of the pathological findings, without his requiring to incriminate hypoglycaemia. In 11 of 27 infants born to diabetic and prediabetic women, Reardon, Field and Baumann (1955) It is believed that this study has confirmed that the blood sugar falls ftuther and more rapidly in the infants of diabetic women than in those of normal women. It has also beenT shown that the infants in the 'diabetic' group may have blood sugar levels which may be described as low or normal or high in the presence of 'respiratory' incidents and that there is no relationship between these incidents and the blood sugar level at that time. It has also been -shown that there is no relationship between the magnitude and speed of the fall in blood sugar and the development of abnormal signs in the babies.
Finally it is believed that it has been shown that there is no relationship between the magnitude and/or the speed of the fall in blood sugar and the development of abnormal incidents later in the first two weeks of life.
Following the completion of this investigation an attempt has been made to examine all the surviving children as a logical sequel to the previous work in order to Hartannn and Jaudon (1937) recommended that
